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CALCULATION OF THE SURFACE TEMPERATURE OF A METAL TAPGET,

HEATED BY LASER RADIATION, OPERATING IN FREE-RUNNING MODE

V. B. Lugovskoy

With the fulfillment of certain conditions [1] the heating of

metal by laser radiation pulse can be cplculated within the theory

of thermal conductivity. In this case the solution of the thermal

problem can be obtained in general form by standard methods. However,

during the practical computation of the temnerature of the metal

target surface, heated by laser radiation, onerating in free-running

mode, considerable difficulties annear, which are connected with

the complex character of change of the power and density of radiation

power in time.

The methods of solving thermal problems, based on the summation

of temperature increments, caused by the action of radiation neaks,

standardized with respect to power, form and pulse reretition [2, 3],

although they permit revealing some peculiarities of the thermal

action of laser radiation on metals, are little suitable for

practical use during the study of the kinetics of heating of a

substance by laser pulses.

It is expedient to obtain the approximate solution by examining

separately the action of a single peak and the combined action of a

large number of radiation neaks. If the solution of the boundary

value nroblem of thermal conductivity can be represented in the

form of Duhamel integral

FTD-ID(RS)I-1554-76



T (x yz,t) h (x, y, z, t - f )(x,y,O,;)d-d (1)

/I(X, y, ,t)r (x,y, ,t)

where

T(x,yz,t)- change of temperature at noint Y, at moment

of time t;

j(xvY, y, o)- absorbed part of the density of light flux at

point {x,y,o,t) on the metal surface;

1 y(x, z, z. 0)- function, the form of which is determined by the

equation of thermal conductivity, initial and boundary conditions,

then by using one-sided Lanlace transform with resnect to t.ne .t is

easy to show that the action of linear differential onorator L

"(with respect to variable t) on T(t) is enuivalent to its action on

any of the functions of convolution Ii() or

If as such an onerator we use the averarlng onerator on

interval (t0 Jt) or closoe to it (with suffIce'notly larre

values; t '4 the onelRator Of sronth4tnr of the s~gnal

ol' RC-chain with time constant ' , then the ,change of ternerature,

caused by laser pulse, can he found by the l uccessive at IlIcntion

or two operartions.

Pirslt uA; VCalc"lte the average (st:Oothed) v!tue

and then, natIlng on y ,,ith bon,,rntor C' , winver to /. , w,

ob t a A. n:fv)



The precise determination of temnerature from relationshins

(2) and (3) is connected with the same difficulties as with the

use of equation (1). However, from these relationshios we can find

the approximate value of T*(t), the difference of which from T(t)

is connected with the loss of high-frenuency comnonents of the sirnal

during recording of the smoothed laser nulse ((-t) and during

numerical integration (2). The values of T*(t) and T(t) can be

represented in the form

) ,,(5)

where~ 1(I)- lower envelone of ternerature oulse, sub0,uent.

called the integral temperature,

- chane_ of temnerature, cauoed by -a remnrate ,eak,

" - ±• avere value on the interval between two

adJacent neaks.

'.,Uth smoothing of the !*er s1gn al by .C-cha.n T* can be

. Cound from, relation.41P

P *(t) 4 r• I ts)-.,

ThuZý for the 01chraiter ie o01' tar.ret heatIn, a•t 4g-OPOO

.momernt ofi tim.re t; L3 tloee~aary to rind .ntegral heatint 7) onid

chat•ne orf' tei"erature 7i() under notion of n r'te radiontion

ronI4 nt the (0,dcvcd moment of0 tm. Calcul.ation of '. .flnt1rral

, -,ubM; Ant It Ily a•min11f'ted wIth the u: 0 of•tmth."hd

Vwlc'ý'!On of sa1.,'or ,Iowe" Which ar'e not d11i'feult to

1 TD-I DO(3) 1-1554-'?6
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obtain experimentally.

As practice has shown, sufficiently "smooth" functions are

obtained with i0-5- _0 sec. Because of the comparative

simplicity, smoothed functions in some cases can be anprox.irated

by linear or other known functions of time and a final solution for

integral heating can be obtained in analytical form.

By the described method of calculation we established the main

distinctive features of the thermal action of laser radiation,

operating in free-running mode, on metal targets if the average and

statistical parameters of tne laser nulse and the neaks entering its

composition are known. In particular, we can determine the relationshin

between peak and Integral heating, find the threshold density of

energy or density of' nower, at which failure o' the tarret raterIal

is started, we can establish their conneotIon with snace-ti!e

parameters of real lazer pulses.

If we consider that all the thermonh••ical characteorstfIc- of the

Smateorial do not deoned on the tePineratutre, arim rhe tifensmions of the

Illuminated nart of the target curface and its thickness are ,uch

"smaller than the length of dIffuaion of heoat |/•t (4 -coerf'tc:.nt

ofl thermal conduotlvitv), and weo nnsure thait rsdlatton is dls~tr4buted.

unik Verily within the Irva-dlated zsone, !or eaIch tnkoa thenl the, reato nsh11-W

or maximums of noa. and Integral heavttn ); and the threshold

value 01f the enre,',y den•sity of le, nu:e r.a dterIned

by r i,. 'I n-

,( )
'] f .• " " ',:.% .r

I •",'• • •"•~I> , ) ' •'• 8
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here

*" r; a x
- i 1'V

(for rectangular peak '¾, -smroothness of neaks);
IQ

- pulse duration; ''-magnitude denendtngr on Its form

(for a-pulse y .:J, for triangular nulses 9 can take values Po

0.9)4 to 1.09 depending on the relationshin of durations of the

fo rw ard and rear fronts);

indices 11 and 4. pertain resooctively to the Peak and total nulse:.

K and R - coefficients of thermal ecnductivity and reflectivity

of the metal

c and P -its, specific heat. and density; :;-total nurber

of peaks in thle laser pulse.

Comptarison of' experlimental and calculated (Uta during the

zltudy of vole..ron onesiaon f-rom n~ckel.,! [43, and ali'o the cr~c

and observed valuesot' W,~ has showni that during the doterrl~nat t on

of the temperature of the ta.rret nurliface It is nveessary to consider

t he nOn Idkn t It y 0f t he0 mnatil dlntrlbutlon of the radWiatlion Intern tt.:

In the 30eparato pea44 an In the total lraser vulqo.

IV' wet asslure that the area, Irraqd~ated byr t~he tsentnrate rwnk, on

the averape in n tirest smraller that area , fl'r-ndlnted by tho ktotal

laerl plso, but duringi L.i et' wnt the avrg va luo Of, dowllIt:; of

radintion1- powter r&mnairu; the satie ao .,th Identical dinta'Jbuti¶on o1

radiatiIon In thew peakw 4and vulse-o then It U, 0asy to nhowe th*At



74j' -~~~-~ and wil.o IA:Ax:'i

(the primes correspond to the nonidentical distribution of !.ntenw'tv).

With largeo spacing-s of neaks (Q>,30) or considerable snace-

time nonuniformity of radiation the neak heating can be eoual I.n value

or even exceed the maximum. integral teinnerature. Under these

conditions exceeding the threshold density of energry will lead to

decrease of the rates of growith of integral heating clue to losses, of

of energy on evaporation of the surface layer of' sub~stance.

'Examination of the simplirled model of target heating with the

vaporizat n o1' m~etal by senvarate necks of radiation has show.n that

along, with the limitation of maximurm attainable Interval temnerature

there should Occur a rshift of' the center of' gravlty of' the tertnerature

pulu! toward the otrto the, rvadinr oP' time with Irervose o*' the

densi1tyý of' the power of radIation1 hItting the targe.

If ~~~ the deroiondeno OP the moxiluin or Inte-gral1

heatingi On the radiation nower deo~yI ier o .>Y

m1dootiutof hsdpndenco should be ob-aerved at tertoernturoe

It alhould be nloted thait a C.err01 -Zuof th eicin flgtb

theý ta1rget ouz't'auo with rin- of Alta tomrineruro, wi1 1, leO to the,

oppoalto phnum.In nriulricraeOf the indIcTt,11 toPOWer

density To aev nmsI~od by a nhI Vt of th o Onterv1 of castyWthe

* I itegral heating* nuise to thle rlfrht alongt the tim, taxis, Ao wa Ws

A



shown in [3], for peak heating high rates of change of temnerature

during heating and the cooling down of metal are characteristic.

Intergal heating describes a slower nrocess with considerably smaller

temperature gradients and deeDer nene,.ration of heat into the metal.
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